ABSTRACT. External, middle and inner scales in parent bulbs were studied to evaluate bulblet differentiation in Lilium longifl orum Thunb. during scale propagation at 25 ºC. A 13-stage developmental process describes different steps including preprimordial, primordial, and bulblet formation. For all scales, preprimordial and primordial stages occurred within the fi rst 4 days. The differentiation process depended on parent scale position. Most bulblets arising from external scales developed three true scales after 30 days while bulblets from middle scales formed four true scales. Homogeneity in the morphology of the parent scales, only shown in the middle ones, was associated with a rapid change in developmental stage for the population of bulblets. Inner scales showed few bulblets with three and four true scales, the rest remaining at earlier developmental stages. Bulblet production decreased from external to internal scales: 2.6, 2.2, and 1.2 bulblets per scale, respectively, and showed a positive correlation with the scale base width. Maximum scale weight and surface area and maximum bulblet fresh and dry weight occurred in the middle scales. We conclude that middle scales are the ideal starting material for experimental uses involving scaling propagation. For production purposes, the external scales, in addition to the middle scales, must also be included for propagation. et al., 1987; Matsuo and Van Tuyl, 1986 ) and morphology and development of Lilium longifl orum bulb has been thoroughly described (Miller, 1992; 1993; Roberts et al., 1985) , neither a complete study of the scale position in the bulb, morphology and bulbing potential, nor a description of the bulblet development process has been made.
) and morphology and development of Lilium longifl orum bulb has been thoroughly described (Miller, 1992; 1993; Roberts et al., 1985) , neither a complete study of the scale position in the bulb, morphology and bulbing potential, nor a description of the bulblet development process has been made.
The purpose of our work was to provide 1) a classifi cation of scales according to their position in the bulb and their morphological characteristics, and 2) a description of morphological changes through time during the differentiation of bulblets from bulb scales of Lilium longifl orum. A developmental stage description was performed according to the relative position and age of scales. A classifi cation of scales was developed and its morphological characteristics, such as fresh and dry weight, basal width, height and surface area were correlated with the production of bulblets.
Materials and Methods
Bulbs of Lilium longifl orum 'Snow Queenʼ (size 14 to 16) were obtained from our experimental fi eld at Bahía Blanca, Argentina (38º 42ʼ S, 62º 10ʼ W). Bulbs were stored at 4 ºC for 2 months. For each experiment, scales were removed, washed in tap water, and immersed in a sodium hypochloride solution (0.8 % active chlorine plus 0.01 % (v/v) Tween 20) for 10 min. Scales were then washed three times in distilled water and treated for 60 min with 0.1 % (w/v) Benomyl (Benlate WP 50%, methyl 1-butylcarbamoyl-2-benzimidazole carbamate) and transferred to humid chambers (RH > 95 %) at 25 ºC in darkness with their basal ends in contact with moistened fi lter paper.
Two groups of scales were cultivated: one for a kinetic study of bulblet differentiation and the evaluation of the infl uence of bulb scale position, and the other for a morphological study of bulblet differentiation.
GROUP I: KINETIC STUDY OF BULBLET DIFFERENTIATION AND PARENTAL-SCALE POSITION INFLUENCE.
The fresh weight of fi ve whole bulbs, their scales and their basal disks with sprouts were recorded. The scales of each bulb, scored as external, middle and inner, were separated, identifi ed, and placed into a humid chamber Lily bulb growth and development has been well decribed previously (Roberts et al., 1985) . Scales of two ages can be clearly distinguished in a Lilium longifl orum Thunb. bulb before it sprouts. Younger scales appear as a rosette and form during the previous growing season at the scar left by the fl oral stalk. A new fl oral stem will develop during the coming season from a central meristem in the rosette. These scales arise from an activated bud at the axil of a bract at the stem base (Miller, 1993) .
During scaling and in vitro propagation of Lilium from bulbscales, differentiation is completed after approximately four weeks. By that time, little bulbs (bulblets) containing few scales have formed.
In Lilium, the variability within scales of a particular bulb should be known because standardized methods are needed to reduce the variation within treatments when assaying for propagation experiments. Differences in scale weight of Lilium have been reported among the scales of a bulb and between scales from bulbs of different size (Magnani et al., 1990) . Larger scales produce more bulblets of greater weight than smaller ones (Matsuo et al., 1987; Matsuo and Van Tuyl, 1986) . In Narcissus, the number and size of differentiated bulblets are infl uenced by the relative position of starting scales in the bulb using the twin-scale technique (Hanks, 1985) .
For laboratory and fi eld experiments on Lilium bulblet formation it is important to clearly recognize different developmental stages of bulblets. Stages of plant development have been described for many species of agronomic interest such as wheat (Triticum aestivum) (Tottman et al., 1979) and sunfl ower (Helianthus annus) (Marc and Palmer, 1981; Schneiter and Miller, 1981) . In addition, identifying signifi cant stages in bulblet differentiation will help to standardize the technical vocabulary used to describe bulb growth and development.
Although a scaling technique for Lilium propagation was reported and studied many years ago (Magnani et al., 1990 ; Matsuo as mentioned above. Morphological changes were recorded daily until full bulblet development. The inner area of the scales was estimated using the equation ½ B.H, where B is the base width, and H is the height of scales. Dry weight of scales was obtained at the end of the assay.
Bulblets were harvested after 30 d and the stage of morphological development was recorded. Transverse diameter, as the mean of the maximum and the minimum transverse diameter, fresh weight, and dry weight were also measured.
A randomized complete-block design was used, with each bulb as a block and scale position as the treatment. ANOVA tests for statistical difference at the P ≤ 0.05 level were performed. Comparison of mean values was done using the Tukey-Kramer test (Ott, 1984) .
GROUP II: IDENTIFICATION OF SIGNIFICANT MORPHOLOGICAL STAGES IN BULBLET DIFFERENTIATION. Scales were cultivated to fi x some of them in each developmental stage. Three hundred scales were kept in six humid chambers under the same conditions previously described, and three scales were chosen randomly each day from those representing the morphological stage reached that day by the majority of scales in group I.
Sequential observations of bulblet primordia differentiation were made using the replica method developed by Green and Linstead (1990) and modifi ed for sunfl ower by Hernández and Green (1993) . A mold of each primordium at the scale base was made using a dental polymer (Mirror 3, Kerr Manufacturing Co., Romulus, Mich.) and a Spurr resin cast was obtained. Replicas were mounted on stubs and sputter coated with gold/palladium, then observed at 5 Kv with a scanning electron microscope (JEOL 35-CF).
Transverse sections of a bulblet primordium were also made at the differentiation zone for observation by light microscopy. Sections were stained with 0.5% (w/v) Toluidine Blue in acetate buffer, pH 5.4, observed by light microscopy and photographed. When bulblets were large enough, they were observed in a stereo microscope and photographed.
Results and Discussion

CLASSIFICATION OF BULB SCALES.
In Lilium longifl orum bulbs, older scales formed during the two previous growing seasons supported the sprouting fl oral stem during the past year. These external scales store assimilates for a second time and enable new sprouting in association with the younger scales. External scales die as the vegetative growing period advances. In the process, some middle scales also die while others, together with inner scales, become the external scales at the end of the growing period, after the new middle and inner scales are formed. Thus, for a given genotype, the number of external scales is highly variable, probably depending on one or more of these factors: the cultivation and sanitary conditions, the stored food spent during sprouting, and/or the cropping and storage conditions (Table 1) . Fresh and dry weight are also highly variable (Fig. 1) . The external scales usually appear damaged, and contaminated due to their direct contact with soil and handling during harvest, classifi cation and storage. Frequently, a soft mold or bacterial colonies appear on the damaged surface of external scales (data not shown). In contrast, rosetted or middle scales are less than one year old, they are located more externally in the rosette and appear less damaged and not dehydrated. Scales located around the new sprout were considered internal and they possessed the lowest fresh weight. Their boundary with middle scales is easily recognized because the scales sharply diminish in weight (Fig. 1) . The scale nearest the scar tissue from the fl oral stalk was considered the initial scale (zero). Numbering followed a centripetal direction, with the last inner scale defi ned as the one next to the sprout. External scales were numbered negatively in the centrifugal direction starting from the initial scale (Fig. 1) which is easily recognizable because it shows traces of the old fl oral stalk. It is similar in size to the inner external scales, which constituted the inner scales during the previous season.
About half of the bulb scales were middle ones and Anticlinal and periclinal divisions make the edge of detachment grow in height and width and show a rounded border (Fig. 2C ). D 0 Subtle bumps appear in some zones of the rounded edge where bulblets will arise (Fig. 2D) . They are associated with the main veins of the scale (Fig. 4) .
Depressions at both sides of the bumps appear as a result of differential transverse and paradermal cell divisions (Fig. 2E ). P 0
The fi rst scale primordium appears on a bump showing a conical base. It contains at its base a fl at meristem from which will develop the primordium of the second scale (Fig. 2F ). P 1
First and second scale primordium are clearly differentiated (Fig. 3A) . B 0
The second scale primordium faces the fi rst scale at its base (Fig. 3B) .
The second scale reaches a size 2/3 the fi rst scale. The space between them closes. The primordium of the third scale develops at the inner space (Fig. 3C) . B 2
The sizes of scales 1 and 2 are the same. After removing the fi rst scale the third scale can be observed and is 2/3 the size of the second. Both cover the primordium of the fourth. (Fig. 3D) . B 3 The tip of the third scale appears inside the fi rst pair (Fig. 3E) . B 4 The tip of the fourth scale appears inside the third scale (Fig. 3F ). BM From this point the sequence becomes repetitive and limited to the appearance of the new scales. It is possible to assign different numbers depending on the number of visible scales. A clear-cut separation in the transition from distychous to spiral phyllotaxis is observed between the appearance of the fourth and fi fth scales. in different zones of the scale base; P = appearance of bulblet primordia; B = formation of bulblets and the number of scales developed in them. Figures 2 and 3 show developing stages during bulblet differentiation. About 17% of the scales also developed bulblets from the inner surface at different positions but always starting from wounded tissue.
As known, bulblet differentiation appeared almost exclusively at the basal end of the adaxial side of the scales, close to the two or four main longitudinal veins (Van Aartrijk et al., 1989) . Differentiation of vascular tissue was observed at the D 1 stage on a transverse section parallel to the scale base. A junction of this tissue with the meristematic zone will develop into a bulblet with the subjacent vascular bundle with the main vein of the scale. Cellular activity was noted at the zone where bulblet will develop (Fig. 4) . This observation supports fi ndings of Yanagawa and Sakanishi (1980) in several Amaryllidaceae and Liliaceae species, in which scale bulblets arise from epidermal and subepidermal cells at the nearest location to vascular tissue. The idea of bulblet development induction by a nutritional and/or hormonal source-sink gradient is supported by the earlier arising of redifferentiated vascular cells forming a bundle between main vein and bulblet preprimordia.
KINETICS OF THE BULBLET DIFFERENTIATION PROCESS.
The time course of bulblet differentiation through the culture period is shown in Fig. 5 . Bulblet differentiation began from S 0 and S 1 , which lasted one and two days, respectively, and all scales were concentrated in those stages. At D 0 and subsequent stages the highest number of scales with domes, primordia, and bulblets appeared during the fi rst days of each stage, and gradually changed to an accumulative form toward the end of the culture period. The B stages from external and middle scales appeared on day eight and remained for the rest of the culture period. The highest degree of differentiation by external scales was labeled B 4 while most of them (46%) remained at stage B 2 (Fig. 6 ). Middle scales stages were more concentrated in time, suggesting greater anatomical and physiological homogeneity in differentiation into bulblets. Thus, B 0 and B 1 stages disappeared earlier than other stages and some bulblets (2%) reached the BM stage. Most bulblets reached B 3 stage (42%) as shown in Fig. 6 . their number was more stable than external scales. Middle scales accounted for about 50% of the total bulb fresh weight and 60% of the total scales fresh weight (Table 1) . Average fresh and dry weight of each middle scales was significantly higher (P ≤ 0.05) than that of inner and external scales (Table  2) . However, the scale inner surface of middle and external scales were quite similar ( Table 2 ), suggesting that a higher content of nutrients was stored in the middle scales. These scales also exhibited a noticeable constancy in number and in fresh weight compared to external scales (Table 1 and Fig. 1 ). Although the width of the scale base diminished from the external to the inner scales, scale height was signifi cantly greater in middle scales (Table 2) .
MAJOR STAGES OF BULB DEVELOPMENT. Morphological changes during bulblet development are described in Table 3 . Stages were identifi ed as follows: S = morphological changes observed at the whole scale level and in the scale base; D = appearance of domes decreased from external to inner scales, and also found a positive correlation between the width of the scale base and the number of bulblets developed. According to our observations, in L. longifl orum 'Snow Queenʼ, external scales had wider bases than middle scales and the bases of middle scales were wider than those of the inner scales. In coincidence, we found that bulblet yield was larger on external and middle scales than on inner ones.
Our fi ndings demonstrate that middle scales are the ideal starting material for experiments involving scaling and, probably, in vitro propagation too. Thus, middle scales offer an appropriate material considering their higher fresh and dry weight and height together with their constancy in number. Besides, they account for half of the scales of a bulb. On the other hand, for horticultural applications or production purposes, the external scales, in addition to the middle scales, must also be used for propagation because they have a higher multiplication potential. Table 3 .
A lag was observed in the appearance of stage D and subsequent stages of the inner scales, and a low ratio of bulblets reached B 3 and B 4 (5% and 3%, respectively). More of the inner scales maintained bulblets at an earlier stage of development, even at the primordium stage, and a large quantity produced no viable bulblets. Inner scales also showed a compression of stages in time (Fig. 5) .
The ratio of stages reached by bulblets detached from the mother scale at the end of the experiment (day 30) is shown in Fig. 6 . Only the harvested bulblets that would better represent the scaling technique for Lilium propagation are shown. Differences between values in Fig. 6 and percentage values reached at day 24 (Fig. 5) come from considering in this last the total number of bulblets differentiated, including those little bulblets and even the primordia.
In Fig. 5 it can be observed that, for a specifi c day, from day 10, middle scales always had the more advanced stage, indicating that the younger (middle) scales regenerate bulblets more rapidly than older (external) ones. Moreover, middle scales produced a higher proportion of bulblets in advanced stages, i.e., B3 and higher, in comparison with external scales (Fig. 6 ). This ontogenic difference is not resembled in the number of bulblets produced by each kind of scale. This was signifi cantly different (P ≤ 0.01): 2.6, 2.2, and 1.2 for external, middle, and inner scales, respectively. Takayama and Misawa (1980) reported that, in vitro, younger scales produce bulblets more quickly than older ones. Van Aartrijk et al. (1989) suggested that the dormant state rather than the age of the tissue could be responsible of this phenomenon. Our fi ndings support this idea, but also the precocity of middle scales could be attributed to a higher food content.
Inner scales produced bulblets with signifi cantly smaller diameters, 2.1 mm, and fresh and dry weight, 12.8 and 3.4 mg, respectively, than those measured in bulblets from middle and external scales: bulblet diameter 4.0 and 4.1mm, respectively, fresh weight 52.8 and 51.8 mg, respectively, and dry weight 14.7 and 13.0 mg, respectively. Matsuo and Van Tuyl (1986) reported that external and middle lily scales produced more bulblets than inner scales, and Magnani and coworkers (1990) obtained similar results for several Lilium cultivars. They observed that the number of produced bulblets
